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Applications of electromechanical materials in space mechanisms is one of the links: 
http://eis.jpl.nasa.gov/ndeaa/nasa‐mp/nasaonly/flight‐hardware/piezo‐in‐space.htm

 Small amplitude Large amplitude 
Low frequency (KHz) Subsurface probing Actuation & drilling 
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Focus areas at the Advanced Technologies Group



Applications to NDE
• Elastic waves as means of material 
characterization and monitoring changes

• Health monitoring via piezoelectric and eddy‐
current sensors

• Operation at extreme environments



Innovation at NDEAA
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In‐situ sampling and electroactive mechanisms
http://ndeaa.jpl.nasa.gov

Probing, sampling and sensors platform
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HT piezoelectric materials (sensors and actuators)

Sensors that operate in harsh environments including extreme heat (300F‐
1,000F), cold, and corrosive gases (e.g. H2S, CO2, Sulfur Species).
• Such piezoelectric materials as BSPT can be used to as high as 500oC and we already 
demonstrate a ultrasonic/sonic drill with such actuator.

• One can use LiNbO3 or maximize the response by using BSPT with optimal dopants 
content of
– Bi4Ti3O12, (1‐x)BiScO3‐xPbTiO3 (BSPT) , Mg modified BSPT, Bismuth Titanate, AIN
– Effective electrodes



High Temperature Piezoelectric Actuated Sampler 
for Operation on Venus

Objective
• Develop a sampler breadboard that can be 

operated at temperatures as high as 500oC
– Develop new piezoelectric ceramic actuator 

with high electromechanical conversion 
efficiency at 500oC.

– Produce ultrasonic/sonic driller and corer 
(USDC)-based sampler for cores and 
powdered cuttings 

Accomplishment:
1. Developed novel design that makes the drill a 

rotary-hammer - the rotation is generated by 
the vibration of the piezoelectric actuator.

2. Isothermal tests of LiNbO3 piezoelectric discs at 500oC for 1000 hours yielded no change in properties
3. Novel horn and free-mass designs increased the coupling and maintain pre-stress and thermal stability 

and also induced rotation. 
4. Bismuth Titanate with various doping of tungsten showed thickness coupling coefficient that is about 

15 to 20% at 500oC.
5. Successfully drilled at 460oC thru a 25 mm thick brick sample in 21 minutes accumulated time. This 

is a significant accomplishment for this very challenging task and it required a lot of innovation to 
reach this success [submitted several related New Technology Reports]. The use of brick sample was 
chosen since more uniform properties were observed as opposed to natural rocks.
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Advanced health monitoring of steam pipe systems
Under a contract from Consolidated Edison Company (Con-Edison) an 
ultrasonic system is being developed for monitoring the water condensation 
height in steam pipes thru the pipe wall at 250oC.
Phase I

– A testbed was developed to simulate the pipe and its high temperature.
– An ultrasonic pulse/echo technique was developed where auto-correlation data 

processing was used
– A transducer was demonstrated to survive the condition of <250oC 

Phase II
– A prototype system is being developed



Test setup hardware, and drive electronics
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MB1 The arroww pinting to the scope has the tip in the wrong location
Badescu, Mircea (355N), 11/21/2011



Use of various ultrasonic wave modes and Eddy-Currents

• Sensors and smart materials that can detect or measure chemical reactions 
and/or certain kinds of corrosion by-products.

• Detection and characterization of corrosion damage.

Backscattering

Corrosion

Oil and/or Water

Drill structure/material
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Reflected waveIncident wave
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Sender Corrosion

Ultrasonic surface or plate waves can 
be used to detect corrosion or other 
types of damage and discontinuities. 



Plate wave modes

At certain incidence angle surface wave is 
generated and for when resonance occurs 
where the plate thickness is related to the 
wavelength plate waves are induced with 
symmetric or asymmetric mode.



Quartz Crystal Microbalance (QCM)

Sensitivity

m = mof /fo = <1.3 ng

mo = At
= (2650 kg/m3)(5x10‐5 m2)(3x10‐4 m)
= 0.04g

f = 6x106 Hz
f = 0.2 Hz
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Reflector

Reflector

IDT’s
SAW resonator

m = kAf/f  2

< 0.1 ng

Sensitivity

SAW Resonator

• Scalable
• Robust
• Low Power
• Can be designed for extreme environments  (e.g.. High Temperature)
• Frequency can be measured very accurately
• Resonance frequency to first order independent of parasitic impedances

Why resonators?


